Aim: Data for long-term trends in blood pressures, body mass index (BMI), and their relations are needed to set future intervention priorities for prevention of cardiovascular disease. The objective of this study was to investigate these trends revealed by repeated cross-sectional surveys conducted from 1963 to 2013 in a Japanese community. Methods: Men and women aged 40-79 years who participated in annual cardiovascular checkups were enrolled, and the number of participants ranged between 1,776 and 2,366 with consistently high participation rates for both sexes aged 60-69 years. Sex-and age-specific mean systolic and diastolic blood pressures were calculated using mixed effects modeling for repeated measurement, and the prevalence of hypertension with and without obesity (BMI ≥ 25 kg/m 2 ) were also calculated. Results: Sex-and age-specific mean systolic and diastolic blood pressures declined irrespective of antihypertensive medication use in both men and women from 1963-1966 to 2009-2013, while mean BMI increased among men of all ages and women of ages 60-69 and 70-79 years. For both sexes aged 60-69 years, the prevalence of hypertension with obesity increased, but the prevalence of hypertension without obesity was still higher that with obesity. Conclusions: Despite the transition to increased BMI levels, targeting non to obese hypertension remains important in addition to targeting obese hypertension for cardiovascular disease prevention.
Introduction
The overall worldwide prevalence of hypertenCopyright©2017 Japan Atherosclerosis Society This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.
The Circulatory Risk in Communities Study (CIRCS)
Osaka University.
Bp Status at Baseline and at Follow-Up
Systolic and fifth-phase diastolic pressures in the right arm were measured by trained physicians using standard mercury sphygmomanometers with 14 51-cm cuffs according to the standard epidemiological method. Participants were seated and had rested for 5 min before the measurement. From 1963 to 1980, the blood pressure measurement was repeated after five deep breaths when systolic blood pressure ≥ 160 mmHg or diastolic blood pressure ≥ 95 mmHg; from 1981 to 2007, when systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg; and from 2008 to 2013, when systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg. To standardize the conditions, we used the first reading for the analyses. We defined hypertension as those with systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg and/or taking antihypertensive medication. Controlled hypertension were persons under antihypertensive medication with systolic blood pressure 140 mmHg and diastolic blood pressure 90 mmHg. BMI was calculated by dividing weight in kilograms by height in meters squared, and BMI ≥ 25 kg/m 2 was considered obese. The health checkups were performed every year and offered free of charge to all residents aged ≥ 40 years. From 1963, we conducted face-to-face interviews based on the CIRCS questionnaire related to participants' health conditions and dietary habits 3) . From 1975, we asked about smoking habits and usual daily alcohol intake (g/day).
Statistical Analysis
Sex-specific and age-adjusted mean systolic and diastolic blood pressure levels were calculated according to 11 periods (4-5 years for each period). We also calculated mean systolic and diastolic blood pressure levels according to antihypertensive medication use or not. When persons participated in annual cardiovascular risk surveys twice or more in each period, data in the earliest year were used. The significance of trends for blood pressure and BMI variables was examined using mixed effects modeling for repeated measurement adjusting for age, with the 11 periods represented as median year 18) . The repeated analysis was conducted because approximately 80% of the participants appeared in the next survey period.
All statistical analyses were performed using SAS for Windows version 9.4 (SAS Institute, Inc., Cary, NC, USA) for the analyses. All probability values for statistical tests were two-tailed, and values 0.05 were regarded as statistically significant.
(BMI) levels have increased worldwide 7) . In 2008, the prevalence of obesity (BMI ≥ 25 kg/m 2 ) was 34% for men and 35% for women aged 20 years in the world 7) . Overweight or obesity is a major risk factor for hypertension and coronary heart disease 8, 9) . Increased BMI leads to increased cardiac output and peripheral vascular resistance, insulin resistance, substances released from adipocytes, increased sympathetic nervous system response, and obstructive type of sleep apnea [10] [11] [12] [13] [14] . Worldwide, the increasing trend in BMI may have had an impact on trends in blood pressure levels and on the prevalence of hypertension. However, in Japan, where the prevalence of obesity has been low 7) , the impact has not been well elucidated. Data on long-term trends in blood pressures, BMI, and their relations are useful to build future intervention priorities for the prevention of cardiovascular disease in Japan and other countries where the prevalence of obesity is low.
Aim
The objectives of this study were to investigate the longer-term trends for blood pressure, BMI, and their relations revealed by repeated cross-sectional surveys conducted from 1963 to 2013 in a Japanese community.
Methods

Study Population
The Circulatory Risk in Community Study (CIRCS) is an ongoing dynamic cohort study that was started in Ikawa in 1963. Ikawa is a rural community of Akita prefecture, 550 km northeast of Tokyo. It covers an area of 48 km 2 , and its total census population was 7,030 in 1965 and 5,493 in 2010.
Non-institutionalized residents aged 40 years in Ikawa were invited to undergo annual cardiovascular surveys and follow-up surveillance for the development of cardiovascular disease and stroke events. Details of the study methods have been previously reported [15] [16] [17] . Participation rates for the annual checkups are displayed in Table 1 . Participants aged 40-79 years were enrolled to investigate the long-term trends for BMI and blood pressure levels.
Consent was implied by the participation in health checkups under a community-based program for stroke prevention and was approved by the municipal government and local physicians' association 15) . The study was also approved by the ethics committees of the Osaka Centre for Cancer and Cardiovascular Disease Prevention, the University of Tsukuba, and primary finding for long-term trends.
Downward trends of mean systolic and diastolic blood pressure levels were observed for men and women of all age groups, except for men aged 70-79 years in diastolic blood pressure from 1963-1966 to 2009-2013 (Table 2 and Fig. 1) . These blood pressure declines were observed for persons without antihypertensive medication use as well as those with it ( Table 2 ). The prevalence of antihypertensive medication use increased from 8.5% in 1963-1966 to 47.2% in 1976-1979 for men and from 8.7% to 42.2% for women, and thereafter along with downward trends for blood pressure levels, it declined to 38.0% for men
Results
The number of men and women aged 40-79 years who participated in health checkups were 1,846 in 1963-1966, 2,101 in 1972-1975, 1,976 in 1976-1979, 2,144 in 1980-1983, 2,366 in 1984-1987, 2,194 in 1988-1991 Table 1) . Participation rates were consistently high (≥ 60%) for men aged 60-69 and 70-79 years and for women aged 50-59 and 60-69 years. Therefore, the results for men and women aged 60-69 years were regarded as the 1965, 1975, 1980, 1985, 1990, 1995, 2000, 2005 , and 2010, respectively. Fig. 2) . When adjusted for BMI as well as age, the declining trend for mean diastolic blood pressure was somewhat enhanced for men aged 40-49 years, but otherwise, no substantial changes were observed (data not shown). Table 3 and Fig. 3 show the sex-and age-specific prevalence of hypertension with and without obesity for men and women from [1963] [1964] [1965] [1966] The I bars indicate 95% confidence intervals. The I bars indicate 95% confidence intervals. Hypertension is shown as colored, and non-hypertension is shown as dotted. 25) . As shown in Supplementary Fig. 1 , the corresponding prevalence of obesity was 57%, 68%, and 70% for men, and 61%, 54%, and 54% for women.
The National Health and Nutrition Examination Survey (NHANES) in the United States 26, 27) Supplementary  Fig. 1 , the prevalence of obesity increased from 50% in 1960-1962 to 61% in 1988-1994 and to 73% in 2009-2012 for men, and from 40% to 51% and to 65%, respectively, for women 28) . The declining trend in systolic blood pressure levels were commonly observed among men and women of Japanese, Finnish, and US samples. The improvement of hypertension treatment and the reduction of salt consumption may have favored the change in blood pressure in these countries. Other dietary factors which contributed to the systolic blood pressure decline 29) for Japanese may include increased intakes of fresh fruits, vegetables, and dairy products 30) . The prevalence of obesity was much lower in Japanese than in Finnish and Americans (Supplementary Fig. 1) . Globally, people in countries of east, southeast, and south Asia and central Africa are less obese 31) and have high risk of mortality from stroke 32) . Lean hypertensives had the greater risk of mortality from cardiovascular disease than obese hypertensives 33, 34) . Therefore, the prevention and control for hypertension may be also important in countries with less obese populations.
The strengths of this study are its investigation of long-term time trends and the high response rates among men and women aged 60-69 years in addition to among men aged 70-79 years and women aged 50-59 years. To the best of our knowledge, no other population-based study has been conducted to investigate long-term trends for the relations between blood pressures and BMI.
The limitations of the study warrant discussion. First, we did not have individual information on salt intake, which is a major determinant of blood pressure levels. According to our nutrition survey of a subsample of the present study 3) , mean salt intake decreased from 20 g/day in the 1960s to 14 g/day in the 1980s for men aged 40-59 years. The large decline in the prevalence of hypertension without obesity may be partly explained by this reduction in salt intake, for men aged 60-69 years and from 18.8% to 25.0% for women aged 60-69 years. The corresponding prevalence of hypertension without obesity for ages 60-69 years decreased from 65.3% to 37.3% for men and from 47.3% to 28.7% for women, but it was mostly higher than that of hypertension with obesity over time.
Discussion
The present study showed a substantial and consistent decline in systolic blood pressure levels, while BMI levels increased and correspondingly prevalence of hypertension with obesity increased over the past 50 years for both men and women in a Japanese rural community. The prevalence of hypertension with obesity increased for both sexes of all age groups, but the prevalence of hypertension without obesity still overwhelmed that with obesity for men and women aged 60-69 years and other age groups except for ages of 40-49 years in 2009-2013. The previous study using Japanese national data showed that the prevalence of obesity increased in men and remained stable in women, and the odd ratio of hypertension associated with obesity increased from 1.94 in 1980 to 2.82 in 2010 for men and from 2.37 to 3.48 for women 19) . In that study population aged 30-79 years, the PAF increased from 14.6% in 1980 to 39.3% in 2010 for men, and from 23.9% to 34.8% for women. The PAF estimated in the present study population aged 40-79 years was 12.6% in 1980-1983 and 24.4% in 2009-2013 for men, and 36.7% and 40.1% for women 20) . Although hypertension attributable to obesity increased overtime, there remained a large fraction of hypertension attributable to non-obesity.
Long-term blood pressure trends were reported from Japanese, Finnish, and US studies. According to the National Health and Nutrition Survey in Japan 21, 22) , mean systolic and diastolic blood pressures for men and women aged 60-69 years declined between 1961 and 2010. Mean BMI increased from 22.0 kg/m 2 in 1976-1980 to 23.7 kg/m 2 in 2011 for men aged 60-69 years, whereas for women, it did not change: 23.0 kg/m 2 and 22.9 kg/m 2 for 1976-1980 and 2011, respectively 23) . As shown in Supplementary Fig. 1 , the prevalence of obesity increased from 16.0% in 1976-1980 to 31.0 % in 2011 for men aged 60-69 years, but it decreased from 27.2% to 24.0% for women.
A 35-year population survey in the province of North Karelia in Finland showed that both mean systolic and diastolic blood pressure levels for men and women aged 
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None declared. 1083-1096 10) Rahmouni K: Obesity-Associated Hypertension: Recent although this was not directly shown here because of the subsample nutrition survey. Second, this study was performed in one rural community in Japan, and the participation rates were not high enough for men aged 40-59 years, nor for women aged 40-49 years in the 1990's and thereafter. Therefore, caution should be taken in applying our findings to other Japanese populations. However, comparing our results with Japanese national survey (National Health and Nutrition Survey), we found similar trends in blood pressure levels in the general Japanese population, although the prevalence of obesity among women was higher by 5 to 23 point in the present study than in the national sample 21, 22) . Third, because we used the first reading of blood pressure measurement to analyze the data consistently through 50 years, blood pressure levels may be overestimated compared with usual values. However, when we used the second reading, if the first reading was high, the prevalence of hypertension did not change materially: the difference 0.3% to 0.0%. Lastly, hypertensive persons can move from non-obese in one survey to obese in another or vice versa. However, the percentage for the shift to the other category between one to the next periods was small (approximately 5%).
In conclusion, we found a substantial decline in blood pressure levels over the past 50 years for both men and women aged 40-79 years in a Japanese rural community. The prevalence of hypertension without obesity declined and that with obesity increased along with increased BMI levels. In spite of the transition for increased BMI levels, the targeting for non-obese hypertension remained important in addition to the targeting for obese hypertension in order to control of hypertension. Our findings may be applicable to other countries where the prevalence of hypertension is high and that of obesity is low.
